The pattern of clinical findings and electrocardiography (ECG) changes known as Wellens' syndrome is associated with significant stenosis of the proximal left anterior descending coronary artery. Cases can be classified according to the ECG pattern into type 1 (biphasic T waves) or type 2 (deeply inverted T waves, especially in leads V2 and V3). We present here an unusual case of Wellens' syndrome in which the ECG pattern changed from type 2 to type 1 during observation, and in which the coronary lesion was in the middle rather than the proximal part of the left anterior descending artery.
Introduction
In acute coronary syndromes it is important to predict the site of the coronary stenosis or target lesion. This is done on the basis of clinical clues and investigations, principally electrocardiography (ECG). 1 -3 The pattern of clinical findings and ECG changes associated with significant stenosis of the proximal left anterior descending coronary artery (LAD), or Wellens' syndrome, was first described in 1982 by de Zwaan et al. 4 Its specificity in predicting the stenotic site is relatively high. 5, 6 The clinical and electrocardiographical criteria for Wellens' syndrome are: (i) Biphasic or deeply inverted T waves in leads V2 and V3, and occasionally in leads V1, V4, V5 and V6; (ii) No or minimal elevation of cardiac enzymes; (iii) No or minimal ST-segment elevation (< 1 mm); (iv) No loss of precordial R-wave progression;
(v) No pathological precordial Q wave; (vi) A history of angina.
Wellens' syndrome can be divided into two types according to the ECG pattern: cases with biphasic T waves are classified as type 1 and cases with deeply inverted T waves as type 2. Occasionally, ECG changes may be observed in leads V2 and V4; this pattern has been termed the 'LAD T-wave syndrome'. 7 The ECG changes in Wellens' syndrome may normalize, or ST-segment elevation associated with chest pain may develop. 6 These patients are at risk of myocardial infarction and sudden death, and early revascularization is recommended. 4, 8 We present a patient with Wellens' syndrome whose ECG changed from type 2 to type 1 during observation, and whose coronary lesion was in the middle rather than the proximal part of the LAD.
Case report
The patient was a 49-year-old woman with a positive family history of cardiovascular disease. Her mother, aged 71 years, had hypertension. Her father, aged 72 years, had coronary artery disease diagnosed by coronary angiography and had undergone percutaneous coronary intervention 2 years previously. There was also a history of hypertension in her siblings and her seconddegree relatives.
With regard to her medical history, she had suffered from premature menopause and had been treated with a combination of oestrogen and progestin. This patient had undergone cardiovascular assessment twice in the past. At a regular check-up 3 years before the current episode, hyperlipidaemia was diagnosed. In her medical records her lipid profile at that time was reported as follows: total cholesterol 303 mg/dl; lowdensity lipoprotein (LDL) cholesterol 188 mg/dl; high-density lipoprotein (HDL) cholesterol 43 mg/dl; and triglyceride 257 mg/dl. Simvastatin treatment was prescribed and she had used it for a short period. She indicated that her lipid levels had decreased to within the normal ranges and she had been advised concerning lifestyle changes, including dietary regulation and increased exercise. Six months previously she had been examined by a cardiologist prior to surgery for enuresis. No ischaemia was seen on the exercise ECG, her blood pressure was normal, and she was operated on without complication. At that time her lipid profiles were as follows: total cholesterol 202 mg/dl, LDL cholesterol 116 mg/dl, HDL cholesterol 33 mg/dl and triglyceride 263 mg/dl. She had smoked one packet of cigarettes a day for 30 years. She had not had any cardiac symptoms before.
One day previous to hospitalization, she had experienced typical chest pain that had occurred at rest but was of short duration. Admission to hospital was offered but declined. The ECG taken during an anginafree period was normal.
About 3 h prior to her admission to our hospital, she had experienced chest pain that was aggravated by minimal activity and resolved with rest. She then suffered chest pain that did not resolve with rest and she presented to our hospital with chest pain lasting 1 h. Her ECG revealed deep and symmetrical T-wave inversions in leads V1 -V5 and inverted T waves in leads II, III and aVF ( Fig. 1 ). She was admitted to the coronary care unit with a diagnosis of acute coronary syndrome.
Her physical examination on admission was normal. Standard treatment regimens (nitrate, heparin, aspirin and β-blockers) were administered. Her lipid profiles were as follows: total cholesterol 243 mg/dl, LDL cholesterol 139 mg/dl, HDL cholesterol 38 mg/dl and triglyceride 332 mg/dl. In view of this the patient was given atorvastatin at a dose of 10 mg/day.
After a short period of treatment her symptoms were relieved, but her ECG remained unchanged. The cardiac enzyme levels were as follows (maximal values): creatine kinase MB isoenzyme 5.2 ng/ml (normal 0.3 -4 ng/ml) and troponin I 0.19 ng/ml (normal < 0.08 ng/ml). Apicoseptal and apical hypokinesis were detected on echocardiography.
In the following days, the patient did not suffer from chest pain. Early coronary angiography was planned, but it had to be deferred because of abnormal vaginal bleeding. Once the bleeding had stopped, coronary angiography was carried out on day 10. The ECG performed at that time showed biphasic T-wave inversion in leads V1 -V4 (Fig. 2) . On coronary angiography, a critical stenosis (visual estimation 70 -80%) was seen in the middle part of the LAD, just after the septal perforator branch (Fig. 3) . The circumflex and right coronary arteries were normal. A stent was successfully inserted at the site of the stenosis. The patient recovered without complication and was discharged.
Discussion
The inverted T waves produced by myocardial ischaemia are classically narrow and symmetrical; however, biphasic T waves may also be associated with ischaemia.
de Zwaan and his group 4 findings is important in that it is specifically associated with proximal LAD stenosis. 4, 6 In the original study, 4 Two variants of precordial ST-T wave abnormalities have been reported for Wellens' syndrome. Type 1 is characterized by biphasic T waves in leads V2 -V3 and is relatively rare (24%). The other and more common (76%) pattern (type 2) is deeply inverted T waves in leads V2 and V3, though it may also be seen in leads V1 -V4 and occasionally in leads V5 -V6. The ECG pattern may develop during an angina-free period or during chest pain, and may normalize or develop into ST-segment elevation. In the study by de Zwaan et al., 6 60% of the patients diagnosed with Wellens' syndrome had the characteristic ECG changes on admission, 31% developed the changes within 24 h, 5.6% within 2 days, 2.8% within The origin of these changes is unclear. The T wave changes may be transient, may persist for months or may resolve with treatment. 4 -6 In our patient, ECG changes consistent with type 2 Wellens' syndrome were seen during angina on admission (Fig. 1) . By day 10 a pattern typical of type 1 Wellens' syndrome was seen (Fig. 2) . This alteration in the ECG pattern has not been reported before. At first we suspected that this change was a transient phase during the resolution of the type 2 ECG pattern, but the type 1 pattern persisted.
Despite the fact that the ECG changes in our patient were consistent with those of Wellens' syndrome, the critical stenosis was found to be in the middle rather than the proximal part of the LAD (Fig. 3 ). In addition, typical T-wave changes were seen in the precordial leads on admission (Fig. 1 ), but the circumflex and right coronary artery were normal on coronary angiography.
The importance of biphasic T waves may sometimes be overlooked in emergency departments, with this kind of finding frequently being reported as non-specific ECG changes. The description of Wellens' syndrome has led to a greater appreciation of the importance of these kinds of T-wave changes. 5, 9, 10 Vanpee et al. 9 emphasized that biphasic T waves may represent critical stenosis in the coronary artery related to the leads in which these changes are seen.
The patient reported here had all the criteria of Wellens' syndrome, but also had some unusual features. First, on admission the typical ECG pattern of Wellens' syndrome was accompanied by inverted T waves in leads II, III and aVF. Secondly, the ECG changed from the type 2 to the type 1 pattern. Thirdly, the critical stenosis was found in the middle rather than the proximal part of the LAD.
It is of interest that apicoseptal and apical hypokinesis were detected on echocardiography in our patient. Echocardiographical wall-motion abnormalities have not been studied in Wellens' syndrome, and may provide further diagnostic criteria.
In conclusion, although our patient showed ECG patterns typical of Wellens' syndrome, the critical lesion was found to be in the middle part of the LAD. Patients such as this may be a subgroup of Wellens' syndrome, but this would need to be clarified in a larger series. This case underlines the importance of these kinds of changes and their ability to indicate the site of the critical stenosis. In addition, the echocardiographical criteria of Wellens' syndrome, including wallmotion abnormalities, should be studied. 
